Introduction
The endoscopic endonasal approach has expanded the repertoire of available trajectories to many types of skull base pathology with comparable success rates to classical open approaches.
1 One of the principal challenges of extended endo-and refinement of multilayered dural reconstruction techniques and pedicled mucosal flaps such as the Hadad-Bassagasteguy vascularized nasoseptal pedicled flap [HBF] ) have contributed to a dramatic drop in the rates of postoperative CSF leak.
2,3
Zanation et al 4 showed that postoperative CSF leak rates dropped dramatically from 20% to nearly 5% after using the HBF as their primary reconstructive technique. Moreover, some reports showed a decrease in postoperative infection rate (meningitis/brain abscess) from 11.5 to 2.4% following the introduction of vascularized pedicle nasoseptal flaps (NSFs) to endoscopic skull base surgery. 4 Despite this, the HBF had some limitations, particularly for transsphenoidal approaches to pituitary tumors. For example, the possibility of an HBF has to be anticipated prior to performing a posterior septectomy, which would potentially destroy the vascular pedicle. Conversely, the routine harvesting of an NSF for all transsphenoidal pituitary operations would unnecessarily increase the associated nasal morbidity. In light of this, we have adopted a hemi-transseptal (Hemi-T) flap technique, which was described previously in a preliminary series 5 to overcome some of the HBF limitations and minimize postoperative nasal morbidity. In this study, we report our results in a larger cohort and with longer-term follow-up data on the safety and feasibility of this surgical technique, as well as present technical refinements in the technique since our original publication.
Methods

Identification of Patients and Outcomes
We established a cohort of consecutive patients aged 18 years or older who underwent endoscopic endonasal transsphenoidal approach to pituitary adenomas and other sellar/ suprasellar lesions, between July 1, 2010 and July 1, 2015. This study received approval from the McGill University institutional review board. Our outcome measures included intra-and postoperative morbidity including CSF leak rates, fascia lata harvest rates, and patient-reported nasal morbidity. Other outcome measures included surgical operative time and long-term appearance of the nasal mucosa, including the development of synechiae, septal perforations, and cartilage necrosis. Baseline endocrinologic and ophthalmologic assessments were performed for all patients before surgery and generally at 3 and 6 months postoperatively. All patients had magnetic resonance imaging (MRI) of the sella as well as computed tomography (CT) of the brain for intraoperative navigation purposes. Follow-up MRI was obtained 3 to 6 months postoperatively, and annually thereafter. 
Hemi-transeptal Flap Technique
The Hemi-T flap technique was described previously. 5 Since our initial adoption of this technique, technical refinements and ancillary procedures have been developed to allow easier access through the nostril bearing the septal Killian incision, as well as a wider corridor when necessary. We now routinely hold the anterior NSF to the lateral aspect of the internal nasal valve with a horizontal mattress suture through the ipsilateral nasolabial fold (►Fig. 1). A hemostat is then used to provide gentle traction, allowing the neurosurgeon to pass instruments through the septal incision with greater ease and reducing the likelihood of snagging the incision or passing the instrument outside the transseptal corridor. At the end of the procedure, the retaining suture is cut and the septal flap is secured back onto the septal cartilage with a running mattress of 4-0 Vicryl Rapide. The hemi-T incision was done almost exclusively on the left side except in rare circumstances such as an anterior septal deviation to the right. The Hemi-T approach has now been performed on 82 patients without any complication or associated morbidity. In addition, in instances when further lateral sphenoid exposure is required on the same side as the septal submucosal tunnel, an anterior-posterior releasing incision is performed posteriorly in the ipsilateral septal mucosa, approximately 1.5 cm below the skull base, allowing access to the sphenoethmoid recess. The inferior half of the superior turbinate and posterior ethmoid air cells can then be dissected to provide a wider corridor toward the lateral sphenoid recess.
Traditional Flap Technique
The traditional flap technique is equivalent to the "rescue flap" as described by Rivera-Serrano and colleague, 6 in which only the superior and posterior incisions of the NSF are performed initially, reserving the inferior incision when a flap is required after tumor resection.
Statistics
Baseline characteristics, intra-and postoperative CSF leak rates, and complications were compiled on a master database, and the different approaches were compared using chi-square or t-test analysis with 95% confidence intervals. IBM SPSS v.23 (IBM Corp., Armonk, New York, United States) was used for statistical analysis. A p < 0.05 was considered statistically significant.
Results
Over a 5-year follow-up period (July 2010-July 2015), 145 patients underwent an endoscopic resection of pituitary tumor or Rathke cleft cyst (RCC), of which 105 reconstructions were performed using the Hemi-T technique. Mean age was 54.7 years (standard deviation [SD] 14.7 years), and mean follow-up for the entire cohort was 18.1 months (SD 11.3 months). Operative time when the Hemi-T approach was used was shorter than with a traditional approach (180.5 AE 56.9 vs. 202.9 AE 62 minutes; p ¼ 0.048). Baseline demographic data and results and pathologic diagnoses are included in ►Tables 1 and 2, respectively.
The reconstruction technique used depended on the size of the cranial base defect and grade of CSF leak, a small flap for most cases, and a large (full size) flap for select cases. For large defects with high-flow leaks (i.e., a transtubercular approach), fat graft was placed intradurally, followed by an inlay and overlay of fascia lata, which was then covered with the right posterior septal mucosal flap. In cases where we anticipate a large dural defect such as an extended transplanum approach or more, or if there is a particularly large sphenoid sinus with deep clival recess requiring flap coverage, a full septal flap is harvested from the outset (►Fig. 2). However, for small-flow CSF leaks such as those occurring during a standard transellar approach for pituitary adenoma were repaired either using the NSF alone or with an inlay of a small amount of fat harvested from the thigh. For higher-flow leaks fascia lata was also used in interposition. Fascia lata was harvested more frequently when the traditional approach was used (►Table 1). The rate of postoperative nasal morbidity was significantly lower in the Hemi-T group as compared with traditional approaches, based on an initial 2-week postoperative endoscopic examination in the clinic, and at last follow-up (►Table 1).
The rate of postoperative CSF leaks varied considerably between the two cohorts. Several comorbidities associated with increased risk for postoperative CSF leak and poor wound healing were identified, for example diabetes mellitus (DM), hypertension (HTN), high body mass index (BMI), and Crohn disease. ►Table 3 presents etiologies and managements of postoperative CSF leaks in both Hemi-T and traditional technique groups.
When only patients with at least 12 months' postoperative follow-up were selected, there were 62 patients from the Hemi-T group and 38 patients from traditional technique group. Mean follow-up in each group was 23.9 and 44.6 months, respectively. The rate of nasal complications in each group was not significantly different from each respective larger cohort, and the overall rate of nasal complications 
Discussion
Our findings show several advantages of the Hemi-T technique. For instance, in addition to preserving the nasal vascular pedicle, we were able to achieve a shorter operative time, reduce fascia lata harvest rates, and decrease the overall nasal morbidity compared with our earlier cohort. Moreover, the routine use of vascularized septal tissue in all cases was associated with lower overall postoperative CSF leak rate that is comparable to the available literature.
3,7
Since it was first introduced, the endonasal approach to the skull base has provided easy and relatively safe access to most skull base pathology with decreased morbidity and mortality as compared with open cranial approach.
8 However, this procedure is still associated with possible morbidities including optic nerve injury, hemorrhage, postoperative infection, and CSF leak. The latter remains the most common concern postoperatively, and prior to the development of the NSF, it was expected in around 20% of cases when an expanded endonasal approach (EEA) was used. 
22,23
In 1952, Hirsch 24 first described the endoscopic closure of CSF leaks using a septal flap. Since then, tremendous reports have described number of different reconstruction techniques. More recently, a vascular pedicle NSF (HBF) was developed. 3 The use of this technique was associated with rapid healing and dramatic decrease of postoperative CSF leak from 20 to nearly 5% following expanded endoscopic approach, and received wide acceptance by many skull base surgeons.
3,25
The strength of this flap lies in its rich vascular pedicle and branching. It is supplied by the posterior nasoseptal arteries, which anastomose with the ethmoidal arteries superiorly, the greater palatine artery inferiorly, and the anterior facial artery anteriorly, adding more feasibility and reliability over other techniques. [26] [27] [28] [29] [30] However, this was at the cost of increasing postoperative nasal morbidities (i.e., prolonged crusting of the donor site, septal cartilage necrosis, synechiae, and decreased olfaction). 25 Moreover, it has to be anticipated in advance before performing a posterior septectomy as it would destroy the vascular pedicle. In our institution, the Hemi-T approach was adopted since 2012 and became our preferred method of reconstruction. Our long term follow-up data support our previous claims on the advantages of the Hemi-T technique that we described previously, 5 including obtaining a binasal access to the sella for bimanual dissection without injuring the right or left vascular pedicle. Unlike the HBF, the Hemi-T does not need to be anticipated in advance; therefore, the patient is preserved from the nasal morbidity of a full-flap harvest if the decision is made not to do so. Moreover, most patients have normalappearing nasal mucosa in early and late postoperative period.
5
Having said that, we maintained a relatively short operative time, avoided autologous fascia lata or fat harvest in many occasions, and rarely used a lumbar drain postoperatively. This technique is not without its limitation. For example, it is associated with slightly restricted corridor that may require more experienced team. However, this limitation can be avoided by holding the NSF with a horizontal mattress suture as mentioned earlier. Recall bias is a potential limitation to this study as well.
Conclusion
In this long-term follow-up study, we found that the Hemi-T approach is safe and effective reconstructive technique that allows for bilateral preservation of the NSF vascular pedicle and permits selective reconstruction of the sella. Moreover, by working on avascular plane, minimal bleeding is encountered; therefore, shorter operative time can be achieved.
